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In our daily lives, we often have to quickly estimate the emotions of our conspecifics in
order to have successful social interactions. While this estimation process seems quite
easy when we are ourselves in a neutral or equivalent emotional state, it has recently
been shown that in case of incongruent emotional states between ourselves and the
others, our judgments can be biased. This phenomenon, introduced to the literature
with the term Emotional Egocentricity Bias (EEB), has been found to occur in young
adults and, to a greater extent, in children. However, how the EEB changes across the
life-span from adolescence to old age has been largely unexplored. In this study, we
recruited 114 female participants subdivided in four cohorts (adolescents, young adults,
middle-aged adults, older adults) to examine EEB age-related changes. Participants
were administered with a recently developed paradigm which, by making use of
visuo-tactile stimulation that elicits conflicting feelings in paired participants, allows
the valid and reliable exploration of the EEB. Results highlighted a U-shape relation
between age and EEB, revealing enhanced emotional egocentricity in adolescents and
older adults compared to young and middle-aged adults. These results are in line with
the neuroscientific literature which has recently shown that overcoming the EEB is
associated with a greater activation of a portion of the parietal lobe, namely the right
Supramarginal Gyrus (rSMG). This is an area that reaches full maturation by the end of
adolescence and goes through an early decay. Thus, the age-related changes of the
EEB could be possibly due to the life-span development of the rSMG. This study is the
first one to show the quadratic relation between age and the EEB and set a milestone for
further research exploring the neural correlates of the life-span development of the EEB.
Future studies are needed in order to generalize these results to the male population and
to explore gender differences related to the aging of socio- emotional processes.
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INTRODUCTION
General and social psychology have long acknowledged that human’s decisions and
behaviors are influenced by egocentric tendencies (Greenwald, 1980; Nickerson, 1999;
Royzman et al., 2003). Observable early in life, they can affect different socio-cognitive
processes, such as Theory of Mind (ToM) and visual perspective taking (PT).
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In his seminal work, Piaget (Piaget and Inhelder, 1956), relied
on the famous task of the ‘‘three mountains’’ and observed that
until 7 years old, children were unable to take another person’s
visual perspective, producing ego-biased responses. In this task,
children were asked to look at a display with three mountains
and to indicate what view was seen by an observer (a doll)
located in a different position. Since then, several studies have
shown that children have difficulties in detaching from their own
perspectives and beliefs to attribute different mental states to or
to take the perspectives of another person (e.g., Wimmer and
Perner, 1983; Baron-cohen et al., 1985; Wellman and Woolley,
1990; Robinson andMitchell, 1995; Southgate et al., 2007; Surtees
and Apperly, 2012).
Egocentric biases in PT and ToM have also been fatherly
investigated at different ages across the life-span. Recent studies
showed that ToM continues to improve until late adolescence
where egocentric tendencies are still detectable. For example,
Dumontheil et al. (2010) measured visual PT in four groups,
ranging from older children to younger adults, and found
an improvement in the performances until early adulthood.
In another recent article by Bosco et al. (2014), 80 pre-
adolescents and adolescents were screened with a broad set
of ToM tasks and structured interviews, revealing an earlier
maturation of the ability to reason about own mental states
than reasoning about those of the others, likely resulting from
the adoption of egocentric viewpoint when reasoning about
others.
Cognitive processes are affected by egocentric biases in
adulthood as well. For example, Birch and Bloom (2007) showed
that adults’ ability to reason about another person’s belief on
an event is compromised by their own knowledge about that
specific event, if the task is sufficiently challenging. Furthermore,
in a series of studies, Keysar and colleagues (Keysar et al., 2000;
Epley et al., 2004) observed that when participants have to follow
the instructions of a person with a different visual perspective
regarding how to displace objects in a shelf, they committedmore
self-perspective related errors. Similarly, Surtees and Apperly
(2012) investigated visual-PT in a computer-based task where
participants’ aim was to provide judgments during time-pressure
condition about the number of dots on a wall seen by an avatar.
Importantly, the avatar could have either the same perspective of
the participants or a different visual perspective. Results showed
that participants were slower and less accurate in judging avatar’s
perspective when this was different by their own perspective.
Finally, the ability to control the cognitive egocentrism
has been observed to decline in the elderly. Inagaki et al.
(2002) observed for example that older adults performed worse
than younger adults in a visual PT task, with the former
group producing more egocentric responses than the latter. In
another relevant study, Bailey and Henry (2008) recorded worse
performances in old compared to young adults in a ToM false-
belief task. Importantly, the performance in this task was found
to be associated with a decline in inhibiting self-perspective
which led to more egocentric responses in older than in young
adults.
Besides these cognitive processes, egocentric tendencies can
also occur in the emotional domain, for example when we have to
deal with the emotions of others, being ourselves in an opposite
emotional state (e.g., when we are happy because our article just
got accepted, while a colleague sitting next to us is disappointed
because his article just got rejected).
Similarly to cognitive egocentrism, the investigation of the
development of emotional egocentricity has revealed greater bias
in younger compared to older children and adults. For example,
Repacholi (Repacholi and Gopnik, 1997), employing a suitable
task for infants, showed different levels of egocentric tendencies
in infants between 14 and 18 months-old, being the latter better
than the former to inhibit own food preferences and thus to
give the experimenter the food toward which he before expressed
positive emotions.
In adults, this phenomenon has been investigated only by a
recent study in which a new paradigm enabling the valid and
reliable exploration of the Emotional Egocentricity Bias has been
developed (EEB; Silani et al., 2013). In this paradigm, pleasant
or unpleasant feelings were induced in the participants (in pairs)
by using conjoint visuo-tactile stimulation. Participants were
then asked to empathize with and to judge other participant’s
emotions. Importantly, the emotions of the two participants
could be either aligned or in opposite. Researchers observed
that empathic judgments of the other participant’s emotional
state were significantly affected by their own current emotional
state, giving rise to an egocentrically biased evaluation. Notably,
the EEB was associated with a greater activation of a portion
of the parietal lobe, namely the right Supramarginal Gyrus
(rSMG), an area that reaches full maturation by the end of
adolescence and go through an early decay (Sowell et al.,
2003).
Employing a paradigm closely matched to the one used by
Silani et al. (2013), two following studies have shown that EEB
is stronger in children aged from 7 to 12 years old compared to
adults (Steinbeis et al., 2014; Hoffmann et al., 2015). Importantly,
Steinbeis et al. (2014) observed group differences in the same
portion of rSMG associated to the overcoming of the EEB,
suggesting a relationship between the age-related changes of
the EEB and the functional and structural maturation of this
brain area.
Taken together, previous studies provided robust evidence for
the existence of egocentric biases in the cognitive and the visuo-
perceptive domains across the life-span, with stronger egocentric
tendencies especially in children, but also in adolescents and
older adults compared to young adults. By contrast, little is
known about the development of egocentric bias in the emotional
domain. Indeed, while, as previously mentioned, EEB has been
shown to occur at a greater extent in children than in adults,
to the best of our knowledge, no study has so far explored
how emotional egocentric tendencies develop from adolescence
to the old age. The present study, thus, aimed at filling this
gap, by investigating the age-related changes of the EEB from
adolescence to old age. To address this question, the newly
established paradigm from our group (Silani et al., 2013) able
to induce a quantifiable EEB was performed by four cohorts in
a cross-sectional study. The four cohorts specifically comprised
adolescents, young adults, middle-aged adults and older adults.
According to previous literature about life-span development
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TABLE 1 | Demographic data for the 113 female participants.
N Age Mean Mean years of
range age (SD) education (SD)
Adolescents 28 13–17 15.7 (1.5) 10.8 (1.5)
Young adults 30 20–30 24.9 (2.3) 17.8 (1.8)
Middle-aged 29 33–59 43.9 (6.9) 14.93 (3.9)
adults
Older adults 26 63–78 70.6 (4.9) 10.9 (4.4)
of cognitive egocentrism, we hypothesized adolescents and
older adults to be characterized by a higher EEB with respect
to younger and middle-aged adults, resulting in a U-shaped
relations between EEB and age.
MATERIALS AND METHODS
Participants
One hundred fourteen female individuals (age = 13–78) took part
in the study, performed at the Scuola Internazionale Superiore
di Studi Avanzati (SISSA, Trieste, Italy). One participant
was discarded since her age was missing. Therefore, analyses
were performed on 113 participants in total. All participants
were right-handed (Edinburgh Handedness Inventory; Oldfield,
1971), had normal or corrected-to-normal vision, and reported
no past or present neurological or psychiatric disorder. Only
female participants were recruited and for two main reasons:
(a) consistency with our previous work in which only females
were tested (Silani et al., 2013); and (b) because of documented
gender differences in empathy and socio-affective skills (Schulte-
Rüther et al., 2008; Tomova et al., 2014). Four groups
were established according to age1 (see Table 1) for the
categorical analyses. Years of education were also taken into
account.
Older adults underwent a brief neuropsychological screening
to control for initial stages of neurodegenerative disease. The
Italian version of the Mini Mental State Examination (Magni
et al., 1996) was thus administered. None of the older participants
fell under the cut-off (≥24) for cognitive decline.
This study was conducted in accordance with the
Declaration of Helsinki (1983) and local guidelines of the
SISSA. All participants gave written informed consent prior
to the experiment. Written informed parental consent was
required for adolescents. Subjects were paid 15 euros for their
participation.
1– 28 adolescents, age range: 13–17 years old. This group covers the puberty
period. According to the American Psychological Association, APA (2002),
puberty in females starts around 10–12 years old and is complete about the
age of 17.
– 30 young adults, age range: 20–30 years old. In this group participants’ have
reached their full biological maturation (e.g., Sandu et al., 2014).
– 29 middle-aged adults, age range: 33–59 years old. With this group we cover
a life period which has been so far largely under-investigated, that lies in the
middle between individuals who have just become adults and individuals who
are approaching the last life stage.
– 26 elderlies, age range: 63–78 years old. The fourth group covers the last life
stage, marked by the important life event of retirement.
Stimuli and Procedure
The newly-established task (see Silani et al., 2013; Lamm et al.,
2015 for further details) was employed to measure the EEB in the
four age groups.
Each experimental session comprised a pair of participants
belonging to the same cohort and unknown to each other.
The two participants were to sit at two different desks in
the same room, back to back, in front of a touch screen
(800 × 600 pixels resolution, 15 inch screen, viewing distance
∼40 cm) and with their left hand under a curtain to prevent
them to see it. By means of either pleasant or unpleasant visuo-
tactile stimulations, transient emotional states were induced in
the subjects. Visuo-tactile stimulations consisted of presenting on
the screen a picture showing either an agreeable or a disagreeable
object (e.g., rose or worm) in association with the stroke of
the participants’ hidden hand with a material resembling the
object depicted, able to induce pleasant or unpleasant emotions.
Together with the picture of the object touching the participant,
a picture of the object stroking the paired participant was
presented on the screen. The labels ‘‘You’’ and ‘‘Other’’ were
shown above the pictures indicating the correspondence between
the objects and the target of the stimulation. Stimulations
could be either congruent or incongruent in respect to the
emotional state elicited in the other person. After the tactile
stimulation (3 s duration), participants were instructed to assess
the pleasantness of the stimulations on a rating scale ranging
from −10 to +10 by pressing with their right index the touch
screen, within maximally 3 s. In the self-judgment condition,
participants had to evaluate their own feelings, while in the
other-judgment condition they had to judge other participant’s
feelings. Each run consisted of 40 pseudorandomized trials, with
20 pleasant (10 congruent/10 incongruent) and 20 unpleasant
(10 congruent/10 incongruent) visuo-tactile stimuli. Before
performing the actual task, subjects underwent a training phase
which was ending only after the participant had fully understood
the instructions of the task. Once this condition was satisfied,
each subject’s rating was retained.
Computation of the EEB
As in Silani et al. (2013), EEB was calculated by computing the
difference between other-related ratings during incongruent vs.
congruent trials. We predicted these empathic judgments to be
biased by one’s own emotional state, especially in adolescents
and older adults. From this difference, to control for unspecific
aspects such as incongruence detection or stimulus conflict, we
subtracted the same difference during self-related trials. The EEB
value (with higher values indicating higher interference by one’s
own emotional state on rating the other’s) was computed for each
subject and employed for all the subsequent analysis.
As for our original work (Silani et al., 2013), EEB values didn’t
undergo a statistical procedure for excluding outliers, since the
same nature of the task implies in certain conditions an altered
estimation and thus deviant values are expected, especially in the
more external group.
To test whether the EEB differs according to the age of the
participants, we first performed a one-way ANOVA on the EEB
values employing the cohort (adolescents, young adults, middle-
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FIGURE 1 | Representation of the Emotional Egocentricity Bias (EEB) in the four cohorts (mean and SE).
aged adults, older adults) as the between-group factor. Given our
hypothesis regarding the U-shaped development of the EEB, we
tested for the significance of both a linear and a quadratic trend.
As a second step, a regression analysis between the total EEB
score and the age of the participants was performed. In a third
step, all the above-mentioned analyses were run controlling for
the years of education. Analyses were performed using the IBM
SPSS statistics Software, version 20.0.
For each linear and quadratic model the relative AIC
(Akaike’s information criteria) index was also computed using:
http://graphpad.com/quickcalcs/AIC1.cfm.
RESULTS
Results from the one-way ANOVA showed that the linear trend
was not significant (F(1,109) = 1019; p = 0.315; η2 = 0.008),
whereas the quadratic trend was statistically significant
(F(1,109) = 4.745; p = 0.03; η2 = 0.04). The EEB score (Figure 1)
decreased from the adolescents (M = 0.81, SE = 0.42) to the
young adults (M = 0.32, SE = 0.22) and the middle-aged adults
group (M = 0.31, SE = 0.19), and increased thereafter in the older
adults (M = 1.35, SE = 0.52).
To test the same hypothesis in a different manner, the EEB
was regressed on the age of participants in a non-linear regression
model. Again, the linear term was not significant, (Rsq = 0.02,
F(1,111) = 2.62, p = 0.11, R = 0.152, AIC = 142.47), whereas the
quadratic term (Rsq = 0.05, F(2,110) = 2.64, p = 0.076, R = 0.214,
AIC = 141.91) fell short off of significance. The EEB (Figure 2)
decreased from the adolescents to the young adults, it remained
stable in the middle-aged adults and increased thereafter in the
older adults. Comparison of the two AIC (difference in AICc =
0.56, information ratio = 1.32) also confirmed that the quadratic
model is better than the linear model to explain the relationship
between age and EEB.
In sum, the magnitude of the EEB displayed a quadratic
association with participants’ age, both when age was
treated as a categorical variable and as a continuum
variable.
However, an alternative hypothesis would argue that
participants’ level of education could account for this pattern of
results. Indeed, participants’ education was significant associated
with participants’ age, both in a linear trend R2 = 0.05,
F(1,111) = 5.54, p = 0.020, and in a quadratic trend R2 = 0.32,
F(2,110) = 25.870, and the quadratic trend explained 27% of
the variance more than the linear trend. This pattern of result
revealed that the education increased as the age increased, peaked
in the middle-age, and decreased thereafter. In order to rule
out the alternative hypothesis, we first checked whether the
EEB was associated with the level of education. The EEB score
was regressed on participants’ level of education in a non-
linear model. Neither the linear R2 = 0.005, F(1,111) = 0.58,
p = 0.45, nor the quadratic term R2 = 0.03, F(2,110) = 1.51,
p = 0.23 were significant. Second, the EEB score was analyzed
by an ANCOVA with cohort as between-participants factor and
participants’ level of education as covariate. The covariate was
not significantly associated with the EEB score, F(1,113) = 0.75,
p = 0.39, partial η2 = 0.007. Importantly, the quadratic trend
was significant (p = 0.031), even after controlling for participants’
level of education. Third, participants’ age was regressed on their
level of education (quadratic trend) and the residual were saved.
In a non-linear regression model, residuals (age) were entered
as the predictor and the EEB as the dependent variable. The
linear association between the age and the EEB was marginally
significant (R2 = 0.03, F(1,111) = 3.65, p = 0.06, AIC = 141.46)
whereas the quadratic association between age and EEB was
significant (R2 = 0.07, F(2,110) = 4.08, p = 0.02, AIC= 139.14) and
explained 4% of the variance more than the linear model. Even in
this case the comparison of the AIC (difference in AICc = 2.32,
information ratio= 3.19) relative to the two models bore out our
hypothesis. Taken together these results rule out the alternative
hypothesis that the quadratic association between age and EEB
was mainly driven by participants’ level of education.
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FIGURE 2 | Representation of the quadratic relation between age and EEB observed with the non-linear regression model.
DISCUSSION
In the present study, we investigated how the EEB evolves across
the life-span, from adolescence to older adulthood, in a sample
of 113 female participants. By eliciting transient contrasting
emotional states in paired participants, we measured to what
extent individuals are affected by their own emotional states
when evaluating those of the others. The task was administered
to four groups of different age and specifically to adolescents (age
range: 13–17), younger adults (age range: 20–30), middle-aged
adults (age range: 33–59) and older adults (age range: 63–78).
In order to examine age-related differences in emotional
egocentric tendencies, an index of the EEB was computed for
each participant and then employed for implementing group
comparison analysis. Results confirmed our initial hypothesis
showing a general increase of the EEB in the extreme age groups
(adolescents and older adults) as demonstrated by the significant
quadratic relationship between age and EEB. This U-shaped
relation between age and EEB was significant both when age was
treated as a categorical variable and as a continuum variable and
irrespective of the level of education of the participants.
Overcoming EEB is a complex process that relies on different
abilities, such as on the ability to recognize emotional states, to
distinguish between our own and other-related representations,
and to inhibit self-perspective/emotional states in order to focus
on the socially relevant information (other). Previous literature
on the development of these abilities are in line with the results
of the present study.
In a study by Keulers et al. (2010), adolescent participants
(13–20 years old) were required to take another person’s
perspective in an emotionally arousing situation and to
evaluate her/his emotional state. A linear decreasing across age
for affective mentalizing speed emerged, suggesting a linear
development across adolescence of affective ToM. In another
study by Sebastian et al. (2012), adolescents and adults were
administered a different vignette-based affective ToM task where
they had to choose the appropriate ending vignette representing
a character’s reaction to her/his companion’s emotional state.
While no differences emerged in reaction times, adolescents
were found to make more mistakes than adults. Employing
another affective ToM task, Vetter et al. (2013) asked participants
(age range: 12–22) to choose the adjective that describes best
the affective mental state depicted by an actor in a video-
clip. The authors found a positive strong correlation between
performance and age indicating an affective ToM development
until late adolescence. In addition, in the same study the authors
analyzed the contribution of different Executive Functions
measures to affective ToM ability and found that the age-
related improvement in the affective ToM was significantly more
predicted by the improvement of inhibition ability than by
shifting and updating ability. Given that overcoming the EEB
implies self-perspective to be inhibited, this result is particularly
in line with our findings.
Results on the decline of socio-cognitive abilities associated
to the EEB have been also observed at the other extreme of
the life-span. For example, it has been shown that recognizing
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emotional facial expressions for older adults is not as easy
as for younger ones (Phillips et al., 2002). In a different
study, Bailey and Henry (2008) administered a false-belief task
to young (age range: 18–26) and older adults (age range:
62–82), manipulating the amount of self-perspective inhibition
needed to solve different problems. Results showed that older
adults performed worse than young adults just in the high-
inhibition trials, suggesting an increasing difficulty in detaching
from self-perspective with aging. Moreover, Ze et al. (2014)
investigated trait affective empathy in young and older adults
by administering theMultifaceted Empathy Task (MET; Dziobek
et al., 2008) and found older adults to score higher in empathic
concern (‘‘how strongly they feel for the person of the story)
and personal involvement (‘‘how strongly they feel affected by
the presented story’’). Although this might seem in contrast with
studies presented above, high concern and personal distress may
result from reduction in self-other distinction as pointed out by
the authors. In addition, a positive correlation between these
two measures and performance on a response inhibition task
was found. Again, a recent meta-analysis (Henry et al., 2013)
conducted on different tasks testing ToM ability in older adults
confirmed that elderly people encounter more difficulties than
younger adults in understanding complex emotional and mental
states experienced by others.
Taken together, these studies suggest that complex socio-
cognitive abilities continue to develop until late adolescence and
decline early with aging, proving compelling evidence for the age-
related trajectory of the EEB, revealed here for the first time.
A possible explanation of the EEB trajectory may be the
underlying development of the executive functions. Indeed,
Hoffmann et al. (2015) tested EEB development in children
ranging from 7 to 13 and found EEB development to be mediated
by the ability of conflict processing. Notably, a quadratic relations
between age and conflict processing has been already reported
in several studies, with children, adolescents and older adults
showing worse performances (Li et al., 2009; Hämmerer et al.,
2010). Moreover, Huizinga et al. (2006) observed that the ability
of attentional shifting continues to develop through adolescence,
while Schnitzspahn et al. (2013) found shifting to decrease with
age. Therefore, there is the possibility that the age-related changes
of the EEB may be partially due to the development of some
components of the executive functions, as conflict monitoring
and shifting. Future studies are needed to further explore this
relationship over the life-span.
Results observed in this study are also in line with the recent
neuroscientific literature which suggests that a late maturation
and early decay of the brain regions could be involved in the
regulation of the egocentricity bias. In the seminal article by
Silani et al. (2013), neuroimaging results revealed the EEB to
be associated with the activation of a specific brain area, a
portion of the parietal lobule corresponding to the Brodmann
area 40, specifically the right SMG. Using Transcranial Magnetic
Stimulation (TMS), the researchers provided evidence for a
causal role of the rSMG in overcoming egocentric evaluations of
other’s emotional states. Steinbeis et al. (2014) by exploring the
neural basis of the EEB in children observed a lower activation
of the rSMG compared to adults, and a decrease of EEB over
age. Notably, studies focused on the structural development of
the brain have observed a late maturation of specific parts of
the parietal lobule (Giedd et al., 1999) and in particular of the
SMG (Gogtay et al., 2004), area that seems to fully mature during
adolescence. In addition, research on brain aging indicates a
linear reduction of the gray matter volume during adulthood
with a consistent drop after the seventh decade (Courchesne
et al., 2000) that involves, together with the frontal lobe, the
parietal lobe (Sowell et al., 2003).
Taken together, these studies suggest that the quadratic
relation between age and EEB could be due to the quadratic
relation between age and development and maturation of the
rSMG. The results of this study set a milestone for exploring
further this issue.
In conclusion, we were able to provide the first evidence
that the emotional egocentric bias in female participants
develops across the life-span following a U-shaped trajectory,
with adolescents and older adults exhibiting a higher level of
emotional egocentrism compared to younger and middle-aged
adults. Further research is needed to clarify how this error in
judging other emotions is actually associated to the structural and
functional development of dedicated brain regions and to extend
these observation to a male aging sample.
AUTHOR CONTRIBUTIONS
GS designed the research; CT performed the research; FR and AC
analyzed the data; GS and FR wrote the article; AC, CL and CT
provided critical revisions.
ACKNOWLEDGMENTS
This study was supported by Fondazione Beneficentia to GS
and the Vienna Science and Technology Fund (WWTF; Project
number: CS11-016) to CL. This article was supported by the
Open Access Publishing Fund of the University of Vienna. We
thank Dr. Ulrich Tran for his advice on statistical analysis.
REFERENCES
American Psychological Association, APA. (2002). Developing Adolescents:
A Reference for Professionals. Available online at: http://www.apa.org/pi/
families/resources/develop.pdf
Bailey, P. E., andHenry, J. D. (2008). Growing less empathic with age: disinhibition
of the self-perspective. J. Gerontol. B Psychol. Sci. Soc. Sci. 63, 219–226. doi: 10.
1093/geronb/63.4.p219
Baron-cohen, S., Leslie, A. M., and Frith, U. T. A. (1985). The autistic child have a
‘‘theory of mind’’? Cognition 21, 37–46. doi: 10.1016/0010-0277(85)90022-8
Birch, S. A. J., and Bloom, P. (2007). The curse of knowledge in reasoning about
false beliefs: research report. Psychol. Sci. 18, 382–386. doi: 10.1111/j.1467-9280.
2007.01909.x
Bosco, F. M., Gabbatore, I., and Tirassa, M. (2014). A broad assessment of theory
of mind in adolescence: the complexity of mindreading. Conscious. Cogn. 24,
84–97. doi: 10.1016/j.concog.2014.01.003
Frontiers in Aging Neuroscience | www.frontiersin.org 6 April 2016 | Volume 8 | Article 74
Riva et al. Emotional Egocentricity Bias Across the Life-Span
Courchesne, E., Chisum, H. J., Townsend, J., Cowles, A., Covington, J., Egaas, B.,
et al. (2000). Normal brain development and aging: quantitative analysis at in
vivo MR. Radiology 216, 672–682. doi: 10.1148/radiology.216.3.r00au37672
Dumontheil, I., Apperly, I. A., and Blakemore, S. J. (2010). Online usage of theory
of mind continues to develop in late adolescence.Dev. Sci. 13, 331–338. doi: 10.
1111/j.1467-7687.2009.00888.x
Dziobek, I., Rogers, K., Fleck, S., Bahnemann, M., Heekeren, H. R., Wolf, O. T.,
et al. (2008). Dissociation of cognitive and emotional empathy in adults with
Asperger syndrome using the multifaceted empathy test (MET). J. Autism Dev.
Disord. 38, 464–473. doi: 10.1007/s10803-007-0486-x
Epley, N., Morewedge, C. K., and Keysar, B. (2004). Perspective taking in children
and adults: equivalent egocentrism but differential correction. J. Exp. Soc.
Psychol. 40, 760–768. doi: 10.1016/j.jesp.2004.02.002
Giedd, J. N., Blumenthal, J., Jeffries, N. O., Castellanos, F. X., Liu, H., and
Zijdenbos, A. (1999). Brain development during childhood and adolescence:
a longitudinal MRI study. Nat. Neurosci. 2, 861–863.
Gogtay, N., Giedd, J. N., Lusk, L., Hayashi, K. M., Greenstein, D., Vaituzis,
A. C., et al. (2004). Dynamic mapping of human cortical development during
childhood through early adulthood. Proc. Natl. Acad. Sci. U S A 101, 8174–8179.
doi: 10.1073/pnas.0402680101
Greenwald, A. G. (1980). Fabrication and revision of personal history.Am. Psychol.
35, 603–618.
Hämmerer, D., Li, S.-C., Müller, V., and Lindenberger, U. (2010). An
electrophysiological study of response conflict processing across the lifespan:
assessing the roles of conflict monitoring, cue utilization, response anticipation,
and response suppression. Neuropsychologia 48, 3305–3316. doi: 10.1016/j.
neuropsychologia.2010.07.014
Henry, J. D., Phillips, L. H., Ruffman, T., and Bailey, P. E. (2013). A meta-analytic
review of age differences in theory of mind. Psychol. Aging 28, 826–839. doi: 10.
1037/a0030677
Hoffmann, F., Singer, T., and Steinbeis, N. (2015). Children’s increased emotional
egocentricity compared to adults is mediated by age-related differences in
conflict processing. Child Dev. 86, 765–780. doi: 10.1111/cdev.12338
Huizinga, M., Dolan, C. V., and van der Molen, M. W. (2006). Age-related change
in executive function: developmental trends and a latent variable analysis.
Neuropsychologia 44, 2017–2036. doi: 10.1016/j.neuropsychologia.2006.
01.010
Inagaki, H., Meguro, K., Shimada, M., Ishizaki, J., Okuzumi, H., and Yamadori, A.
(2002). Discrepancy between mental rotation and perspective-taking abilities
in normal aging assessed by Piaget’s three-mountain task. J. Clin. Exp.
Neuropsychol. 24, 18–25. doi: 10.1076/jcen.24.1.18.969
Keulers, E. H. H., Evers, E. A. T., Stiers, P., and Jolles, J. (2010). Age, sex
and pubertal phase influence mentalizing about emotions and actions in
adolescents. Dev. Neuropsychol. 35, 555–569. doi: 10.1080/87565641.2010.
494920
Keysar, B., Barr, D. J., Balin, J. A., and Brauner, J. S. (2000). Taking perspective in
conversation: the role of mutual knowledge in comprehension. Psychol. Sci. 11,
32–38. doi: 10.1111/1467-9280.00211
Lamm, C., Silani, G., and Singer, T. (2015). Distinct neural networks underlying
empathy for pleasant and unpleasant touch. Cortex 70, 79–89. doi: 10.1016/j.
cortex.2015.01.021
Li, S. C., Hämmerer, D., Müller, V., Hommel, B., and Lindenberger, U. (2009).
Lifespan development of stimulus-response conflict cost: similarities and
differences between maturation and senescence. Psychol. Res. 73, 777–785.
doi: 10.1007/s00426-008-0190-2
Magni, E., Binetti, G., Bianchetti, A., Rozzini, R., and Trabucchi, M. (1996). Mini-
mental state examination: a normative study in Italian elderly population. Eur.
J. Neurol. 3, 198–202. doi: 10.1111/j.1468-1331.1996.tb00423.x
Nickerson, R. S. (1999). How we know—and sometimes misjudge—what others
know: imputing one’s own knowledge to others. Psychol. Bull. 125, 737–759.
doi: 10.1037/0033-2909.125.6.737
Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia 9, 97–113. doi: 10.1016/0028-3932(71)90067-4
Phillips, L. H., MacLean, R. D. J., and Allen, R. (2002). Age and the understanding
of emotions: neuropsychological and sociocognitive perspectives. J. Gerontol. B
Psychol. Sci. Soc. Sci. 57, 526–530. doi: 10.1093/geronb/57.6.p526
Piaget, J., and Inhelder, B. (1956). The Child’s Concept of Space. London: Routledge
and Kegan Paul.
Repacholi, B. M., and Gopnik, A. (1997). Early reasoning about desires: evidence
from 14- and 18-month-olds. Dev. Psychol. 33, 12–21. doi: 10.1037/0012-1649.
33.1.12
Robinson, E., and Mitchell, P. (1995). Masking of children’s early understanding
of the representational mind: backwards explanation versus prediction. Child
Dev. 66, 1022–1039. doi: 10.2307/1131796
Royzman, E. B., Cassidy, K. W., and Baron, J. (2003). ‘‘I know, you know’’:
epistemic egocentrism in children and adults. Rev. Gen. Psychol. 7, 38–65.
doi: 10.1037/1089-2680.7.1.38
Sandu, A.-L., Izard, E., Specht, K., Beneventi, H., Lundervold, A., and Ystad, M.
(2014). Post-adolescent developmental changes in cortical complexity. Behav.
Brain Funct. 10:44. doi: 10.1186/1744-9081-10-44
Schnitzspahn, K. M., Stahl, C., Zeintl, M., Kaller, C. P., and Kliegel, M. (2013). The
role of shifting, updating, and inhibition in prospective memory performance
in young and older adults. Dev. Psychol. 49, 1544–1553. doi: 10.1037/a0030579
Schulte-Rüther, M., Markowitsch, H. J., Shah, N. J., Fink, G. R., and Piefke, M.
(2008). Gender differences in brain networks supporting empathy.Neuroimage
42, 393–403. doi: 10.1016/j.neuroimage.2008.04.180
Sebastian, C. L., Fontaine, N. M. G., Bird, G., Blakemore, S.-J., De Brito, S. A.,
McCrory, E. J. P., et al. (2012). Neural processing associated with cognitive and
affective theory of mind in adolescents and adults. Soc. Cogn. Affect. Neurosci.
7, 53–63. doi: 10.1093/scan/nsr023
Silani, G., Lamm, C., Ruff, C. C., and Singer, T. (2013). Right supramarginal
gyrus is crucial to overcome emotional egocentricity bias in social judgments.
J. Neurosci. 33, 15466–15476. doi: 10.1523/jneurosci.1488-13.2013
Southgate, V., Senju, A., and Csibra, G. (2007). Action anticipation through
attribution of false belief by 2-year-olds. Psychol. Sci. 18, 587–592. doi: 10.
1111/j.1467-9280.2007.01944.x
Sowell, E. R., Peterson, B. S., Thompson, P. M., Welcome, S. E., Henkenius, A. L.,
and Toga, A. W. (2003). Mapping cortical change across the human life span.
Nat. Neurosci. 6, 309–315. doi: 10.1038/nn1008
Steinbeis, N., Bernhardt, B. C., and Singer, T. (2014). Age-related differences
in function and structure of rSMG and reduced functional connectivity with
DLPFC explains heightened emotional egocentricity bias in childhood. Soc.
Cogn. Affect. Neurosci. 10, 302–310. doi: 10.1093/scan/nsu057
Surtees, A. D. R., and Apperly, I. A. (2012). Egocentrism and automatic perspective
taking in children and adults. Child Dev. 83, 452–460. doi: 10.1111/j.1467-8624.
2011.01730.x
Tomova, L., von Dawans, B., Heinrichs, M., Silani, G., and Lamm, C. (2014). Is
stress affecting our ability to tune into others? Evidence for gender differences
in the effects of stress on self-other distinction. Psychoneuroendocrinology 43,
95–104. doi: 10.1016/j.psyneuen.2014.02.006
Vetter, N. C., Altgassen, M., Phillips, L., Mahy, C. E. V., and Kliegel, M. (2013).
Development of affective theory of mind across adolescence: disentangling
the role of executive functions. Dev. Neuropsychol. 38, 114–125. doi: 10.
1080/87565641.2012.733786
Wellman, H.M., andWoolley, J. D. (1990). From simple desires to ordinary beliefs:
the early development of everyday psychology. Cognition 35, 245–275. doi: 10.
1016/0010-0277(90)90024-e
Wimmer, H., and Perner, J. (1983). Beliefs about beliefs: representation and
constraircing function of wrong bekfs in young children’s understanding
of deception. Cognition 13, 103–128. doi: 10.1016/0010-0277(83)
90004-5
Ze, O., Thoma, P., and Suchan, B. (2014). Cognitive and affective empathy in
younger and older individuals. Aging Mental Health 18, 929–935. doi: 10.
1080/13607863.2014.899973
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Riva, Triscoli, Lamm, Carnaghi and Silani. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution and reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.
Frontiers in Aging Neuroscience | www.frontiersin.org 7 April 2016 | Volume 8 | Article 74
